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ABSTRACT
The Department of Defense’s Space Test Program Satellite #3 (STPSat-3) was successfully launched as part of the
Operationally Responsive Space (ORS)-3 Mission on a Minotaur I from Wallops Flight Facility, Virginia, on
November 19th, 2013. STPSat-3 was the second delivery on STP’s Standard Interface Vehicle contract with Ball
Aerospace & Technologies Corp. and followed the first SIV delivery’s on-going, successful mission (STPSat-2).
After the STPSat-3 launch, the government and contractor team completed initialization and checkout of the
spacecraft bus in three days and five separate science instrument payloads in thirty days. No significant anomalies
occurred with the space vehicle, and only minor issues were encountered in refining the concept of operations to
accommodate the operational desires of all five payloads once the vehicle was on-orbit. The successful acquisition
and remarkable pace of commissioning STPSat-3 clearly demonstrates the significant benefits of using multiple
builds of standard space vehicle designs for small satellite missions. This paper will discuss many of these benefits
that were realized from the program inception through on-orbit operations. For example, during the spacecraft
development process, technical risks with the bus were well understood and the requirements verification process
could be streamlined to focus on the mission unique payload interfaces. The standard interface design allowed for a
substantial change in the payload manifest and a re-design of the payload layout after the bus had been fully
assembled and only 11 months prior to Pre-Ship Review. With a vehicle design intended for multiple launch
environments, the program was able to begin without a known launch vehicle, and was thus able to take advantage
of the ORS-3 mission of opportunity on short notice. Leveraging lessons learned from the STPSat-2 program,
launch and early orbit operations were streamlined and efficient, with bus checkout completed rapidly, allowing the
initialization and checkout of payloads to begin promptly. Finally, there was a significant cost savings realized from
STPSat-2 to STPSat-3 due to incorporation of lessons learned and significant re-use of engineering.
on-orbit for more than three years. The second STPSIV, STPSat-3 (Figure 2) launched coincidentally
exactly three years later on 19 November 2013 and is
also operating successfully on-orbit. The BCP-100 is
Ball Aerospace & Technologies Corp’s (BATC) small
spacecraft platform based on the STP-SIV. The first
BCP-100 spacecraft not associated with the STP-SIV
program will be the NASA Green Propellant Infusion
Mission (GPIM) planned for launch in 2016.

INTRODUCTION
The Space Test Program Standard Interface Vehicle
(STP-SIV) program was developed by the Department
of Defense (DOD) Space Test Program (STP) as a
standard satellite bus capable of satisfying a range of
mission requirements and providing a low-cost, low
risk, flexible space platform suitable for multiple
applications with minimal non-recurring engineering.
The goal of this acquisition was to develop a spacecraft
product line capable of meeting STP’s need for
affordable and rapid access to low Earth orbit through
the next decade. STPSat-2 (Figure 1) was the first
spacecraft in the STP-SIV product line, launched on 19
November 2010 and continuing to operate successfully
Reese

Responsiveness was not an explicit program goal, but
the standardization approach leads to inherent
flexibility of the design. As suggested by its name,
STP-SIV was designed with standard interfaces in order

1

28th Annual AIAA/USU
Conference on Small Satellites

to increase spaceflight opportunities, lower costs, and
reduce risk for missions and potential customers. As
part of the STP-SIV contract, BATC defined a robust
standard payload interface that addresses all aspects of
spacecraft and payload interaction. These include
thermal, mechanical, electrical, power, and data
interface specifications along with minimum
requirements for payload testing.
The standard
interface provides broad resources to accommodate a
wide variety of payload needs. The details of the
interface, design and testing requirements along with
guidance to the payload providers are documented in
the STP-SIV Payload User’s Guide (PLUG).1
STP-SIV provides the space community with a defined
yet configurable standard spacecraft-to-payload
interface on which to base payload designs for rapid
mission development. Rather than designing a unique
spacecraft for each payload, the standards provide
adaptable interfaces to accommodate a range of
payloads. The fact that the STPSat-3 bus acquisition
was begun before the payload manifest was even
selected demonstrates this flexibility and robustness.
The program was also able to accommodate a major
payload re-manifest after completion of the bus and less
than one year from Pre-Ship Review. This was only
possible because of the confidence in the ability of the
standard payload interface to accommodate a large
range of payload complements, and the knowledge of
the full system heritage of the spacecraft bus.

Figure 1: STPSat-2, launched in November 2010
was the first spacecraft in the STP-SIV product line,
designed to increase access to space for small
payloads via standardization and lower costs

This paper will review the background and acquisition
strategy of the STPSat-3 program, and review the bus
characteristics and payload manifest. The benefits of
having the full system heritage of the spacecraft bus
will be discussed in detail, to include requirements
verification, risk management, commissioning, and cost
savings. The standard launch vehicle interface that
allowed STPSat-3 to take advantage of the ORS-3
mission of opportunity will also be discussed.
BACKGROUND – SPACE TEST PROGRAM
STANDARD INTERFACE VEHICLE (STP-SIV)
Department of Defense Space Test Program
The DOD Space Test Program serves as the primary
provider of spaceflight for the United States
Department of Defense space science and technology
community. It is administered by the Space and Missile
Systems Center, Space Development and Test
Directorate (SMC/SD) based at Kirtland Air Force
Base, New Mexico. STP is chartered by the Office of
the Secretary of Defense to serve as "...the primary
provider of mission design, spacecraft acquisition,
integration, launch, and on-orbit operations for DOD's
most innovative space experiments, technologies and

Figure 2: STPSat-3, launched in November 2013,
carried six total payloads and demonstrated the
benefits of a standard bus in the form of lower cost,
risk reduction, and program execution efficiency
Reese

2

28th Annual AIAA/USU
Conference on Small Satellites

demonstrations" and "...the single manager of all DOD
payloads on the Space Shuttle and International Space
Station.” STP has been providing access to space for
the DOD space research and development community
since 1965. The technologies behind most military
satellite programs flying today, such as the Global
Positioning System, military communications satellites
and space-based surveillance and weather systems, had
their initial demonstrations as STP risk reduction
experiments.

approach has been successful but also expensive,
complex and time consuming with few transferable
technologies or lessons learned for successive STP
missions. In 2004, pre-acquisition work was begun by
STP on the development of a new enabler, a standard
bus design that could accommodate many different
payloads.
STP-SIV Acquisition Strategy
The STP-SIV bus acquisition had the goal to provide
STP with agile, small satellite (“ESPA-class”),
spaceflight capability for DOD space technology
demonstrations of R&D experiments.
Objectives
included:

STP Mission Design Process
In a typical year there may be over 60 experiments on
the Space Experiments Review Board (SERB) list.
Each experiment defines the services being requested
from STP. STP’s goal is to fly the maximum possible
number of experiments consistent with priority,
opportunity, and available funds. STP’s Mission
Design team assembles a complementary (if possible)
set of experiments to fly as a single mission. The
availability and priority of individual experiments,
funding considerations, science “windows,” etc., all
drive this process.

•
•
•
•

STP-SIV was designed to use a single-string, Class C
(research and development) spacecraft, but reliability
would be emphasized through parts selection and
tailored MIL-STD 1540E testing. The acquisition
strategy recommended awarding an IDIQ contract with
a single vendor approach for a minimum of one, and up
to six, spacecraft. In 2006, BATC was awarded the
STP-SIV IDIQ contract. The STP-SIV bus design is
also available from BATC as the BCP-100 commercial
bus.

STP has developed or leveraged certain enablers that
allow it to perform its mission of flying the maximum
number of payloads every year. In the launch area, STP
has leveraged the small launch capabilities of the
Rocket Systems Launch Program (RSLP).
STP
sponsored the development of the Evolved Expendable
Launch Vehicle (EELV) Secondary Payload Adapter
(ESPA), an interstage adapter ring for launching
secondary payloads on Atlas V and Delta IV (and now
SpaceX Falcon-9 and Falcon-Heavy) as well as a
Multiple Payload Adapter (MPA) for the Minotaur IV.
In each case, these developments enable the costeffective launch of small satellites.

The STP-SIV IDIQ model included a contracting
structure which facilitated rapid and responsive
acquisition. The structure includes multiple Contract
Line Items Numbers (CLINs) available for different
parts of the program including special studies, long lead
component procurement, space vehicle production, and
so on. This arrangement enables rapid response to
Government needs without protracted contract
negotiations. When a need arises, the Government and
contractor jointly develop a Statement of Work (SOW)
for the activities to be performed, and a proposal is
prepared by the Contractor for Government evaluation,
negotiation, and authorization.2

On the ground, STP has leveraged the development of
the Multi-Mission Satellite Operations Center Ground
Support Architecture (MMSOC GSA). MMSOC GSA
is designed to allow the Air Force to operate different
types of satellites with the same ground system at
reduced cost.
STP also maintains a detachment in Houston, Texas
responsible for manifesting payloads on manned
spaceflight missions, the International Space Station
(ISS), and ISS resupply flights. The STP Houston
office cost-effectively accounts for a large percentage
of the payloads that reach orbit.

STP-SIV (BCP-100) BUS CHARACTERISTICS
The STP-SIV (BCP-100) design supports the goal of a
low-risk spacecraft bus by using flight-proven
components, a simple structural design, and significant
hardware and software reuse from prior missions. The
design balances a low-cost and low-risk approach with
substantial spacecraft capability and flexibility. Table 1
shows a top level summary of the STP-SIV capabilities.

Many of the payloads seeking space flight require a
satellite bus to meet their requirements. Historically,
STP has held a separate source selection to procure a
unique spacecraft for each bundle of experiments. This
Reese

Reduce non-recurring cost and schedule
Reduce integration and test risk
Demonstrate utility of standards for payloadspacecraft integration by using a Standard
Payload Interface
Increase spaceflight opportunities
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Plate (PIP) to minimize alignment shift between the
sensor and payload suite.

Table 1: STP-SIV (BCP-100) space vehicle is
designed to accommodate a wide range of payload
and mission requirements and is capable of
launching on multiple launch vehicles

INTERFACE STANDARDIZATION ON STP-SIV
By its charter, SMC/SD "develops, tests, and evaluates
Air Force space systems, executes advanced space
development and demonstration projects, and rapidly
transitions capabilities to the warfighter." The STP-SIV
design is a natural fit for deployment as a responsive
space asset as a consequence of its standardization and
flexibility.

Spacecraft Capabilities
Orbit Altitude

400 – 850 km

Orbit Inclination

0° – 98.8°

Launch Mass (payload + bus)

≤ 180 kg

LV Compatibility

Delta IV ESPA, Atlas V ESPA,
Minotaur I, Minotaur IV, Pegasus

Space Vehicle Lifetime

No life-limiting consumables

Reliability

Ps = 0.93 @ 1 year; 0.81 @ 3
years; 0.71 @ 5 years

Stabilization Method

3-axis

Pointing Modes

Nadir, ground target tracking,
inertial point, payload sun point,
safe

Attitude Knowledge

0.02° 3σ

Attitude Control

0.03° – 0.10° 3σ depending on
mode

Bus Voltage

28 V ± 6 V

Communication Frequency

AFSCN / STDN Compatible

Command Rate

2 Kbps uplink

Telemetry Rate

2 Mbps downlink

On-Board Data Storage

16 Gbit

Figure 3: STP-SIV (BCP-100) design is flexible and
capable of accommodating a broad range of
payloads, including those requiring precision
pointing performance

Payload Accommodation
Payload Mass

70 kg (total)

Payload Orbit Average
Power (OAP)

>200 Watts (best case orbit), 100
Watts (worst case)

Number of Payloads

Nominally four

Payload Data Handling

Up to 2.0 Mbps from each payload

Payload Command/Data
Interface

RS-422, discrete I/O, analog

STP-SIV has four external interfaces (Figure 4):
payload, launch vehicle, Air Force Satellite Control
Network (AFSCN) and the mission ops complex.
Interfaces with the launch vehicle are kept simple by
design and are intended to be as common as possible
for all the potential launch vehicles. The AFSCN and
mission operations facility interfaces were developed
for STPSat-2, and minimal payload-specific changes
were required for STPSat-3. The payload interface is
defined and documented in the PLUG, but the specific
implementation changes for every mission within the
configurable standard.

The standard design and payload interface provide
mission flexibility, enable operation over a wide range
of low Earth orbits, and allow for launch on a variety of
launch vehicles. STP-SIV is designed for small
payload suites (70 kg total payload mass) and is
compatible with the cost-effective ESPA and Minotaur
IV MPA, amongst other launch options.

Spacecraft to Launch Vehicle Interface
The STP-SIV capabilities support a variety of potential
small payloads. To support the range of low Earth orbit
altitudes and inclinations, the design shown in Figure 3
includes three separate solar arrays including one
articulated wing to provide the required power over a
very large range of sun angles. Multi-layer insulation
(MLI) blankets are mission-tailored to expose
appropriate radiator area for the particular orbit and
payload suite. A single star tracker is the primary
sensor element of the attitude determination and control
system. It is mounted directly on the Payload Interface
Reese

STP-SIV is designed to launch on a variety of launch
vehicles (LV), including Pegasus, Minotaur I, Minotaur
IV, and the ESPA on either Atlas V or Delta IV
(compatibility with SpaceX’s Falcon 9 and FalconHeavy is expected). This flexibility maximizes launch
manifest opportunities as a secondary payload or as a
rideshare partner and is a key element in satisfying
SMC/SD’s objective of maximizing its spaceflight
opportunities. The spacecraft was designed to be
bounded by the environments for the above LVs to
ensure generic compatibility. STP-SIV was designed to
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Spacecraft to AFSCN Interface

SIV Space Vehicle
Payload

Mission
Ops
SV to
Center Ground
(RSC) Ops ICD

The interface between STP-SIV and ground facilities is
controlled by two documents: an Interface Control
Document (ICD) and the Standardized Interface
Specification for the AFSCN, SIS-000502E. SIS000502E defines the types of service provided by the
AFSCN and the design requirements for the space
vehicle (SV) radio frequency (RF) system. The ICD
describes the specific characteristics employed by the
SV RF system to show compliance with these
requirements. This includes defining the exact
operating frequency, subcarrier frequencies, modulation
scheme, etc. Telecom frequencies have been selected
and pre-approved by the relevant licensing organization
for use on future SIVs. This eliminates risk of the
sometimes time-consuming approval process and
enables transponder production to proceed without
interruption. With predetermined frequencies, a
transponder or full SIV could be produced and “on the
shelf” for deployment in a responsive space application
since there is no uncertainty in the mission telecom
frequency and no risk of changes.

AFSCN

SC to
Payload
ICDs

SIS-000502E
(AF) and SV
to Ground
Ops ICD

Spacecraft Bus
SIV Launch
Site Ops Plan
Launch Site

SV to LV ICD
Launch Vehicle

Figure 4: External interfaces with the STP-SIV
spacecraft are rigorously defined
meet the ESPA volume (Figure 5) as it was the most
constraining. Furthermore, STP-SIV is designed to be
powered off prior to integration with the LV and
requires only safety monitoring of the battery and the
ability to trickle charge for periods as long as 90 days.
This keeps the number of interfaces required from the
LV to a minimum and aids in compatibility with
multiple platforms. By designing-in compatibility with
a range of candidate LVs and qualifying the design for
the maximum enveloping environment, the STP-SIV
enables responsive launch to urgent needs. A STP-SIV
with a high priority payload could take advantage of a
launch of opportunity on any LV or could be
manifested quickly on a LV prepared in advance for a
responsive launch.

Spacecraft to Mission Operations Facility Interface
STPSat-2 and STPSat-3 mission operations are
performed at the Research, Development, Test &
Evaluation (RDT&E) Support Complex (RSC) at
Kirtland AFB, NM. The interface between the STP-SIV
and mission operations complex is governed by the SV
to ground ops ICD. By flying these two spacecraft and
future SIVs on the same ground system, recurring
development is limited to mission unique requirements
from the payload. By reusing the spacecraft telemetry
formatting, the downlink of payload data is unchanged
and only processing of the mission data is new. SV
commanding is the same with payload unique
commands encapsulated within standard command
formatting. In a responsive situation, mission tailoring
for each possible payload suite could be developed in
advance of the mission and implemented as part of
payload integration when the mission need is identified.
Spacecraft to Payload Interface
In classic space programs, the payload (PL) is
developed in advance of or in parallel with the
spacecraft (SC) bus, and the SC-PL interface is unique
to one program. STP-SIV defines and thoroughly
documents a standard PL interface capable of
supporting mechanical, electrical, thermal, and data
transfer needs common to many small PLs. This
interface is controlled by the publicly-available STPSIV PLUG.1 By providing a well-defined interface
standard, PL providers and responsive space mission
designers have sufficient information to proceed in
parallel with designs of many PL types for a range of

Figure 5: STP-SIV fits within the standard ESPA
envelope and provides a 0.14 m3 payload volume
(green) with convenient shape and view angles.
Solar arrays are stowed for launch in this view, but
deploy towards -Z exposing the payload volume.
Reese
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possible missions, knowing the SC bus is already
prepared to support them. PLs designed to the standard
become effectively interchangeable such that a single
STP-SIV bus can be responsive to many missions. No
longer must the PL be manifested prior to SC design.
In fact, for STPSat-3, the SC components were ordered
over three years in advance of the final PL manifest
decision (March 2009 vs. May 2012), and bus
integration was completed 16 months prior to that
decision.

data storage. Figure 8 shows how the PIB interfaces
with the four PLs. Each of the four PLs receives its
own set of interfaces on the PIB to ensure operations of
each PL do not interfere with the others. All PL data
(high rate and real-time) is polled and ingested in a
“round robin” scheme ensuring that no PL can
monopolize the bus. Both the PL high rate and real-time
data are time-stamped at the time of receipt.
The PIB ingests PL high rate mission data at up to 2
Mbps via either asynchronous UART EIA-422 link or
synchronous EIA compliant RS-422 link. The choice of
synchronous or asynchronous data transfer method is
selectable for each PL and is fixed prior to launch.

The STP-SIV supports a PL suite nominally comprised
of one to four independent payloads, with total mass up
to 70 kg. PLs mount to the SC bus using the standard
PL mechanical interface shown in Figure 6. PL
locations on the PIP are determined by BATC to ensure
requirements of each individual PL are satisfied.

The PIB also provides for collection of PL real-time
data via EIA-422 UART for health & status monitoring.
This data is interleaved into the real-time SC downlink
and is also stored on the PIB for retransmit.
Finally, the PIB provides to each PL data port eight
analog inputs, eight discrete inputs, and eight discrete
outputs. Analog and discrete telemetry channels are
sampled once per second, with 12 bit resolution on
analogs.

Figure 6: Payloads mount to the aluminum
interface plate via holes on 2.54 cm (1 inch) centers,
using #10 fasteners
The allowable PL envelope in the launch configuration
is shown Figure 5. PLs are mounted ‘on-top’ of the SC
bus and must fit within this volume for launch. Once
the vehicle is on-orbit and deploys the solar arrays, PLs
may deploy elements as necessary to perform their
missions.
PLs are provided an unobstructed field of view of 2π
steradian, oriented towards the +ZPL (nadir) axis and
originating at the PL interface plane. Additionally, the
PLs are provided a 2π steradian unobstructed field of
view towards the +XPL (velocity direction until seasonal
yaw flip). This provides 3π steradian of unobstructed
views for PLs as shown in Figure 7.

Figure 7: The payload suite has 3π steradian
unobstructed field of view
Each PL receives commands from the PIB, a SC status
message (time, SC ephemeris, SC attitude and PL
interface temperature), and a 1 pulse per second signal
slaved to the SC master clock.

The Payload Interface Board (PIB) within the
Integrated Avionics Unit (IAU) functions as the main
data and command interface between the PLs and the
SC. This includes PL command, data collection, and

Reese

The PIB provides total mass memory storage of 16 Gbit
of EDAC-validated memory space for recording of PL
mission data. The memory is partitioned based on PL
storage needs.
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During normal mission operations, the SC provides a
minimum 100 W orbit average power (OAP) shared
among the PLs. Larger PL requirements may require
PL duty cycling. Each PL is provided three switched
power feeds, allowing flexibility of operations.

electronics and runs actual flight software. The user
interface runs the same Streamlink™ software used in
SV integration, so PL command and control scripts can
be exercised prior to PL delivery to BATC for SC
integration. By testing the PLs with the simulator prior
to delivery, interface issues can be quickly and
efficiently addressed at the PL developer’s facility
where they have more resources. Testing with the
simulator also helps PLs verify their electrical and
software interface requirements prior to integration with
the SV.

The PIP is maintained to temperatures between -9° and
+39°C with cold biased active heater control
configuration. The material selection and sizing of
MLI for the PL portion of the SV is customized based
on PL power dissipation, field of view requirements,
orbital
parameters,
and
concept-of-operations
(CONOPS) specific to the mission. Radiator sizing on
the SC bus is also adjusted based on these requirements.
Survival heaters may be used on PL components to
protect hardware in non-operational modes.
The
thermal design customizations performed for STPSat-3
are discussed in more detail in an upcoming section.

STPSAT-3 RESPONSIVE PAYLOAD
INTERFACE
Circumstances and Timeline of STPSat-3 Payload
Initial Manifest and Re-Baseline
Acquisition planning for STPSat-3 began in early 2009.
At that time, the PL manifest for the satellite was
unknown. The long-lead parts contract was awarded in
March 2009 and satellite bus integration and test was
awarded in August 2009. There was no PDR or CDR;
rather a Design Heritage Review (DHR) was held on 27
January 2010 that focused on the extremely minor
changes in bus design between STPSat-2 and STPSat-3.
The initial PL decision was not finalized until March
2010, when four PLs were manifested on the mission:
SASSA, SSU, SWATS, and iMESA-R (Table 2). The
decision to begin bus acquisition with no PL manifest
was made possible by STP’s confidence in the
flexibility of the SIV bus and the robustness of the
standard PL interface. This confidence was borne out
by the fact that no changes in bus design were required
after the manifest of the PLs – long after the bus design
was finalized and bus integration was already
underway. The bus was completed on schedule on 31
January 2011.
By May 2011, the PLs had been delivered to BATC for
integration with the SC. Unfortunately issues with a
critical direct interface between the SASSA and SSU
PLs surfaced during interface testing between the units
on the bench after delivery to BATC. This began a
significant program delay while the interface issues
between the PLs were tested and investigated. In
December 2011, SASSA withdrew from the STPSat-3
mission for programmatic reasons.

Figure 8: The Payload Interface Board provides a
set of standard data and power interfaces to each
payload
Spacecraft Simulator
To further streamline SC-PL integration, the STP-SIV
program developed a SC simulator that is representative
of the flight interface. High fidelity simulators can be
expensive and in many cases are not developed because
of the cost and schedule impacts to the program. By
using a standardized interface, the STP-SIV program is
able to make a one-time investment in the simulator
that has been reused numerous times on STPSat-2 and
STPSat-3 and will be further employed as future
SIV/BCP-100 missions are developed. The simulator
consists of an Engineering Model of the PL interface
Reese

SASSA represented 80% of the PL volume and 60% of
the PL mass on the STPSat-3 mission (Figure 9). In
mid-December, STP rapidly initiated the process to find
one or more PLs to replace SASSA on the mission. In
February 2012, BATC began a PL accommodation
study of candidate options. In late March 2012, BATC
outbriefed the results of their study and the STP
Director made the decision to manifest both J-CORE
7

28th Annual AIAA/USU
Conference on Small Satellites

and TCTE (Table 2) to replace SASSA. The delay had
also provided the time to study and manifest a low cost
de-orbit module, which will demonstrate a capability to
allow low Earth orbiting satellites to meet national
policy for debris mitigation by de-orbiting within 25
years. In early May 2012, BATC received authority to
proceed (ATP) to implement the new PL manifest on
STPSat-3.

Creative Use of the Standard Payload Interface to
Accommodate Payload Re-Baseline
For STPSat-3, the ability to rapidly accommodate new
PLs was demonstrated by the manifest of the two
SASSA replacement PLs following withdrawal of that
instrument from the original suite, with minimal
modifications to the original flight system. Given the
large portion of PL mass and volume consumed by
SASSA in the original STPSat-3 complement, its
withdrawal not only led to a significant change in
mission focus, but also provided ample resources to fly
these replacement PLs.
Detailed accommodation studies for candidate alternate
PLs were conducted in six weeks. These studies
focused on accommodating the individual PLs, as well
as on viable combinations of the candidates, alongside
the existing PL suite. The quick-turn accommodation
studies resulted in the recommendation and selection of
J-CORE and TCTE as the replacement instruments.
This brought the total number of PLs to be flown on the
STPSat-3 mission up to six, when including the Deorbit Module/Stand-off Mechanism (DoM/SoM) unit.
Recall that the STP-SIV standard interface is designed
to support four PLs. However, because each PL is
allocated a full suite of three power switches and
multiple data interfaces, the six-PL manifest was
feasible by utilizing spare interfaces. For example, the
PL1 interface powers both SWATS and heaters for the
DoM, provides a shared commanding interface for
SWATS and TCTE, the high-rate mission data interface
for SWATS, and the real-time mission data interface
for TCTE. Figure 10 shows the functional layout of the
PL suite, including the variety of shared interface
resources.

Figure 9: STPSat-3 payload configuration prior to
new payload manifest

Table 2:

STPSat-3 payload descriptions

Payload

Sponsor

Purpose

Self-Awareness Space
Situational Awareness
(SASSA)

SMC/
SY

Develop and demonstrate
hardware/ software
architecture using a suite of
threat warning instruments on
a space vehicle

Strip Sensor Unit
(SSU)

AFRL/
RD

Measure temporal and spatial
laser illumination profiles

Small Wind and
Temperature
Spectrometer
(SWATS)

NRL

Provide input to neutral and
ionospheric models and insitu validation points for UV
remote sensing missions

Integrated
Miniaturized
Electrostatic Analyzer
– reflight (iMESA-R)

USAFA

In-situ measurements of
plasma density and
temperature variations

Joint Component
Research (J-CORE)

AFRL/
RY

Develop and demonstrate
multifunction space
component technologies in a
relevant mission environment

Total Solar Irradiance
Calibration Transfer
Experiment (TCTE)

NASA/
NOAA

Reimbursable payload
measuring total solar
irradiance in support of the
climatic data record

De-Orbit Module
(DoM) / Standoff
Mechanism (SoM)

AFRL/
RV

Demonstrate a lightweight,
low cost de-orbit device to
meet debris mitigation policy

Reese

Following ATP with the new PL manifest, a rapid twomonth accommodation design process concluded with a
Delta Payload Accommodation Design Review, where
PL ICDs for all six PLs (including the DoM-SoM) and
mature secondary support structure and harness designs
were presented. The rapid accommodation and ICD
definition was made possible by the stable electrical
and mechanical interfaces of the standard bus.
Finally, swift fabrication of newly-designed secondary
support structure hardware and tight PL team
management allowed for integration of all but one PL
to the SC bus to occur within four months of study
completion. Those five PLs were electrically integrated
onto the bus in a total of three weeks. Figure 11 shows
the complete SV configuration.
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HIGHLY EFFICIENT REQUIREMENTS
VERIFICATION

Payloads

TCTE

DoM

SWATS

PL 1

STP-SIV was designed around a Technical
Requirements Document (TRD) that contains 167
requirements pertaining to the SC bus. A significant
effort was made with STPSat-2 to verify that all
requirements were satisfied. Since STPSat-3 was a
nearly identical second delivery of the SC bus, this
previous effort was significantly leveraged in order to
streamline the TRD requirements verification effort for
STPSat-3. Requirements in the areas of PL interface,
pointing capability, materials selection, and basic
capabilities of the bus components, for example, were
considered verification-by-similarity, given the full
system heritage with STPSat-2. Five of the 167 TRD
requirements ultimately required waiver approvals.
The fact that the bus had heritage with STPSat-2
operating successfully on-orbit made the approval of
these waivers, some of which were also necessary for
STPSat-2, an easier decision.

SSU

iMESA

PL 2

SSU IDL

PL 3

J-CORE

PL 4

Spacecraft bus
Power
Data – RS-422

Data – Spacewire
Data – Discrete

Figure 10: STPSat-3 payload functional layout. Blue
boxes represent the bus’ four payload interfaces.

Per plan for the STP-SIV concept, a Mission Unique
Requirements Document (MURD) accompanied the
TRD for STPSat-3. This document focused on mission
unique aspects of the specific vehicle that go beyond
the requirements of the TRD. The MURD contained 68
additional requirements on the bus, pertaining to
mission-specific areas such as orbit characteristics, the
LV interface, and the PL interfaces for the final PL
manifest. With verification-by-similarity helping to
streamline the TRD verification process, resources
could be focused on the mission specific aspects of the
MURD requirements.
The final STPSat-3 PL manifest consisted of six unique
PLs (Table 2), and the interfaces of those PLs with the
SC bus were specified with seven different ICDs. Each
of the six PLs had a unique ICD, and the seventh ICD
was required for the accommodation of the Interface
Data Logger (IDL) box that the SSU PL provided as its
data interface to the bus. These seven ICDs contained
requirements levied on both the individual PL
instrument and the SC bus. The verification process
consisted of having the individual PLs demonstrate
their compatibility with the bus, as well as having the
bus demonstrate its ability to accommodate each unique
PL. Given the large number of interfaces resulting
from the final PL manifest, it was quite beneficial to
have confidence in the bus heritage so that resources
could focus on verifying compatibility on the PL side.

Figure 11: STPSat-3 space vehicle configuration
with final payload manifest
Throughout the design and accommodation process,
changes to the SC bus were minimal. Some software
modifications were included to account for new
requirements of TCTE and DoM/SoM.
Three
temperature sensors were reassigned from the bus to
PLs (two of which were previously spares), and the
front bus panel was modified to accommodate the new
DoM/SoM option. These minimal bus changes allowed
the team to focus on the new PLs and integrate the new
PL suite within four months of ATP.
The rapid accommodation of a new PL manifest on
STPSat-3 was not a unique exercise for the STP-SIV
product line. The STPSat-2 SC similarly manifested a
new PL subsequent to its Critical Design Review, with
no modifications to the SC bus.3

Reese

Another benefit of having a proven standard PL
interface was that the development of the individual PL
ICDs was made more efficient, given the similarity of
the interfaces. Even with the change in the PL
manifest, new ICDs could easily be written and tailored
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to the appropriate PL. Furthermore, as the ICD
verification process progressed with each PL delivery,
lessons learned and experience from the previous
verification efforts were leveraged and applied to assist
the PL providers for the later PL deliveries. Testing
and analysis could then be directed to provide the most
confidence in the capabilities of the PL interface.

longer period of time, rather than rushed in the weeks
just prior to Pre-Ship Review.
Table 3:

STPSat-3 Requirements Verification

Spacecraft Bus Requirements
Document

Table 3 gives a breakdown of the number of
requirements verified for STPSat-3. With the heritage
bus, the verification process was able to be streamlined
to focus on the unique PLs. With the high number of
requirements on the SC bus, this was a significant
benefit. Figure 13 shows how the combination of
STPSat-2 verifications along with new artifacts from
STPSat-3 could be used to generate the complete set of
verified requirements for STPSat-3.
The overall
timeline of the burn-down of requirements verification,
through the staggered submittal of sell-off packages
(SOP), is shown in Figure 12. With the heritage SC
bus, many of the verification artifacts were available
and could be submitted and approved early on. This
allowed the verification effort to be stretched over a

Number

Payload Requirements
Document

Number

TRD

167

TRD

~

MURD

68

MURD

~

SSU P/L ICD

27

SSU P/L ICD

56

IDL P/L ICD

47

IDL P/L ICD

71

SWATS P/L ICD

52

SWATS P/L ICD

73

iMESA-R P/L
ICD

52

iMESA-R P/L
ICD

73

TCTE P/L ICD

51

TCTE P/L ICD

74

J-CORE P/L ICD

56

J-CORE P/L ICD

72

DoM/SoM P/L
ICD

25

DoM/SoM P/L
ICD

56

TOTAL:

545

TOTAL:

475

Figure 12: Similarity between STPSat-2 and STPSat-3 bus designs allowed verification artifacts from STPSat2 to be leveraged for space vehicle verification, and for the process to begin much earlier than usual, reducing
sell-off risk later in the program

Reese
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inherently begin with a lower risk posture, through the
application of lessons learned, the refinement of
processes and procedures, and the re-use of engineering
and personnel from the first build. Furthermore, design
changes between STPSat-2 and STPSat-3 were
minimized so that the overall differences between the
two vehicles were extremely minor.
Risk assessment and management for STPSat-3 began
with a review of the STPSat-2 risks to determine those
applicable to the follow-on delivery. Thirteen risks
remained applicable to STPSat-3, a few of which were
unverified failures during STPSat-2 testing. Since these
risks had been previously assessed and mitigated where
possible, they could be accepted without further
analysis or mitigation effort, once the first delivery was
launched and operating successfully on-orbit. The
focus could then be turned towards mission specific
risks with this vehicle and its new PL complement.

Figure 13: A combination of STPSat-2 heritage
verification artifacts and new STPSat-3 artifacts
helped accelerate requirements verification on the
second space vehicle

Table 4 lists the SV technical risks for STPSat-3. At
the time of launch, no risks remained open, with all
either accepted or retired through mitigation efforts. In
Table 4, risks carried over from the heritage STPSat-2
bus are highlighted in dark blue, while STPSat-3unique risks whose assessments were influenced by the
STPSat-2 heritage are highlighted in light blue. It can
be seen that nearly half of the accepted STPSat-3 risks
were tied to STPSat-2. Risk mitigation efforts were
focused on those remaining risks that were tied to bus
components or PLs unique to STPSat-3. This allowed
the program to be at a comfortable medium-risk posture
at the time of launch (Figure 14), with most of the
medium (yellow) risks being tied to high impact but

LOWER INHERENT RISK THROUGH USE OF
THE STANDARD BUS
The STP role of delivering DOD space experiments to
orbit suggests that its missions tend to have high risk
postures because they involve research and
development PLs. However, the STPSat-3 program
was able to enjoy a medium risk posture through the
use of the heritage bus. Up through the successful
commissioning of the vehicle on-orbit, the heritage bus
was able to give the on-board science experiments the
best opportunity to achieve their individual mission
goals. The second, third, etc., builds of a SC design

Risk Posture Over STPSat-3 Development

40

Total Open Risks

35

Average Risk Score

25

20

30
15

25
20

10

15

10

Average Risk Score

Total Open Risks

45

5

5

0
Aug-2010

Feb-2011

Sep-2011

Apr-2012

Oct-2012

May-2013

Nov-2013

0
Jun-2014

Figure 14: Total number of open risks, and average risk score during STPSat-3 development and early
operations. Risk score = likelihood x impact. Risks identified during payload integration and system test
(middle half of plot) were gradually closed or accepted with reduced risk exposure prior to launch.
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Table 4: STPSat-3 technical risks at launch. Risks
carried over from heritage STPSat-2 shown in dark
blue. STPSat-3 risks whose assessment was
influenced by STPSat-2 heritage shown in light blue.
Mitigation efforts on STPSat-3 could be focused on
risks most relevant to STPSat-3.

Space Vehicle
Risk
Accepted
Bus #1
Bus #2
PL #1
Bus #3
STPSat-2 #1
PL #2
Bus #4
Bus #5
STPSat-2 #2
PL #3
Bus #6
PL #4
PL #5
Bus #7
Bus #8
PL #6
Bus #9
Bus #10
Bus #11
STPSat-2 #3
STPSat-2 #4
STPSat-2 #5
Bus #12
STPSat-2 #6
Bus #13
STPSat-2 #7
STPSat-2 #8
Bus #14
Bus #15
STPSat-2 #9
Bus #16
STPSat-2 #10
Bus #17
Bus #18

Program Office

Mission Assurance

SV Contractor

SMC/SD

Aerospace Corp

Ball Aerospace

Status

Severity

Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
N/A
Closed
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Status
Accept
Accept
Accept
Accept
Accept
Accept
Accept
N/A
Accept
Accept
Accept
Accept
Accept
Accept
Accept
N/A
Accept
N/A
Accept
Accept
Accept
N/A
Accept
Accept
Accept
Accept
Accept
Accept
Accept
N/A
Accept
Accept
Accept
Accept
N/A
N/A

Severity

N/A

N/A
N/A

N/A

N/A

N/A
N/A

Status
Accept
Accept
Accept
Accept
Accept
Accept
N/A
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
N/A
Accept
N/A
Accept
N/A
N/A
N/A
Accept
Accept
N/A
N/A
N/A
Accept
Accept

Date
25-Oct-2010
8-Dec-2010
10-Jan-2011
3-Feb-2011
8-Feb-2011
14-Mar-2011
4-Apr-2011
2-May-2011
23-May-2011
6-Jun-2011
5-Jul-2011
1-Aug-2011
12-Sep-2011
3-Oct-2011
9-Nov-2011
9-Jan-2012
6-Feb-2012
12-Mar-2012
2-Apr-2012
11-May-2012
4-Jun-2012
2-Jul-2012
3-Aug-2012
7-Sep-2012
3-Oct-2012
6-Nov-2012
30-Nov-2012
18-Dec-2012
8-Jan-2013
18-Jan-2013
4-Feb-2013
4-Mar-2013
22-Mar-2013
22-Apr-2013
21-May-2013
3-Jun-2013
11-Jul-2013
12-Aug-2013
3-Sep-2013
26-Sep-2013
21-Oct-2013
2-Dec-2013
6-Jan-2014
3-Feb-2014
7-May-2014

Severity

N/A

N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A

Closed
PL #7
PL #8
PL #9
PL #10
PL #11
Bus #19
Bus #20
Bus #21
Bus #22
STPSat-2 #11
STPSat-2 #12
STPSat-2 #13
Bus #23
Bus #24
PL #12
PL #13
PL #14
PL #15
Bus #25
Bus #26
Bus #27
Bus #28
PL #16
Bus #29
Bus #30
Bus #31
Bus #32

Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
N/A
N/A
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Retired
Retired
Retired
Retired
Retired
Retired
N/A
N/A
N/A
Retired
Retired
Retired
Retired
Retired
Retired
Retired
Retired
Retired
Retired
Retired
Retired
Retired
Retired
Retired
N/A
N/A
N/A

N/A
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Figure 15: Histogram of risk score distribution
during STPSat-3 development and early operations.
Low overall risk posture at launch (November 2013)
was enabled by efficient use of heritage to assess
issues. Risk score based on the standard 5x5
likelihood vs. impact matrix.
very low probability issues. It can also be seen that
most of the retired risks were unique to STPSat-3.
Again, this demonstrates that mitigation efforts were
appropriately focused to eliminate the risks most
relevant to STPSat-3. The inherent lower risk posture
of the second build of this SC bus design is
demonstrated with the STPSat-3 risk distribution
histogram shown in Figure 15.

N/A
N/A
N/A

= Risks mitigated by the heritage of the bus design
= Risks carried over from STPSat-2
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One example to clearly illustrate the benefit of having a
previous build for risk mitigation is the use of a flight
software patch to correct a GPS telemetry corruption
problem with STPSat-3. Flight software patches had
been occasionally used for anomaly corrections with
STPSat-2 on-orbit, so the use of a patch to correct GPS
corruption on STPSat-3 was easily deemed a viable
solution, given the successful demonstration with
STPSat-2. The use of the patch was considered low
risk in part because of prior experience with STPSat-2,
so the risk assessment could be focused on the
correction itself, rather than the method of
implementation.

the Total Irradiance Monitor flying on the SORCE
mission occurred in mid-December. Between the early
turn-on of TCTE on November 24 and the calibration, a
discrepancy in the thermal performance of the PL was
identified, and the extra time prior to cross-calibration
allowed a CONOPS change to be implemented to bring
the instrument within spec and ensure that the
calibration would be successful.
When STP-SIV was first envisioned, the Air Force
predicted significant ground system and operations cost
savings as the number of SIVs increased, assuming that
training for personnel remained consistent across
multiple SIVs and operators were able to achieve
greater familiarity with the SC and ground system. 4
STPSat-3’s commissioning success has proven the
validity of that prediction.

COMMISSIONING EFFICIENCY THROUGH
LESSONS LEARNED FROM PREVIOUS
FLIGHT
STPSat-3 commissioning began immediately upon
satellite acquisition on November 20, 2013.
Commissioning included checkout of the SC bus,
followed by power-on and verification of PL
components. Bus commissioning was completed very
quickly, requiring only 72 hours. Furthermore this
effort was accomplished with no major anomalies on
either the SC or the ground system.

Future iterations of the STP-SIV (BCP-100) standard
SC can expect similarly smooth commissioning given
the heritage established by the first two flights, as well
as the ground operator experience being further honed
during flight operations of the first two units.
FLEXIBILITY TO SUPPORT SHORT TERM
LAUNCH OPPORTUNITIES
The integration of STPSat-3 was well underway before
a launch opportunity presented itself in the form of the
ORS-3 Minotaur I mission. STPSat-3 was able to take
advantage of this launch opportunity on short notice
because the SIV had been designed for compatibility
with multiple LVs, including the Minotaur I.

The very quick and smooth performance of
commissioning can be directly attributed to the lessons
learned and implemented from the previous iteration of
this architecture, STPSat-2. The STPSat-3 program
included a thorough polarity audit based on attitude
control system polarity issues discovered shortly after
launching STPSat-2. Similarly, STPSat-2 experienced
three processor resets that were isolated to a GPS
receiver message handling bug in flight software and
was resolved with a FSW patch on-orbit. Knowledge
gained from these experiences, as well as the
development and testing of STPSat-2, led to 59
individual lessons learned that were directly applied to
STPSat-3 development and operations. Given the
standard SC design, application of these lessons learned
were even more effective than on a typical mission
because it was extremely clear the impact that they
would have and the benefit that would be realized.

There are several key design factors that make the SIV
able to take advantage of most launch opportunities.
Designed for a Wide Range of Orbits
As a secondary PL on a launch mission, the orbit will
be determined by the prime SC. The SIV was designed
to operate over essentially the full range of low Earth
orbit altitudes and inclinations without design change.
This required the power subsystem, the TT&C
subsystem, and the attitude control system to be
overdesigned for any particular point solution orbit, but
with the benefit of being able to meet system
requirements across all possible orbits without redesign.

The veteran operations team, along with the solid
technical performance of the flight hardware, allowed
prompt initialization and turn-on of most mission PLs.
The J-CORE instrument was powered on during the
first ground pass, iMESA-R on day four, TCTE on day
five, and SSU on day six. SWATS was powered on
three weeks after launch, per schedule. Of particular
note, by initializing TCTE very early in commissioning,
the instrument was well-characterized in advance of a
planned science data overlap with the instrument it was
replacing on-orbit. The cross-calibration of TCTE with
Reese

Standard Launch Vehicle Interface
The SIV uses the Mark-II Motorized Lightband (MLB)
from Planetary Systems Corporation as its physical
interface with the LV. The electrical interface is
simple, incorporating standard MLB initiation and loop
back, as well as a tailorable number of umbilical
channels for battery charging and monitoring. As an
ESPA-compatible SC, the SIV adheres to standard mass
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and volume constraints. It is launched unpowered and
has no propulsion system. Processing operations at the
launch base are straightforward and short duration, and
the SIV is designed to be integrated with the LV either
vertically or horizontally.
Designed and Tested to Worst-Case Environments
The SIV was designed and qualified to a set of LV
environments that enveloped the majority of launch
opportunities available when the requirements were
established. This included the Minotaur I and IV,
Pegasus, and ESPA on Atlas V or Delta IV.
Environments include static loads, random vibration,
acoustic, shock, EMI/EMC, and thermal. Predicted
worst case environments on the PIP are also
documented in the non-proprietary SIV Payload Users
Guide.1
These LV interface design features made it possible to
quickly manifest STPSat-3 on the ORS-3 mission when
the launch opportunity presented itself. However, it
would be misleading to suggest that there were no
challenges associated with the ORS-3 LV interface. In
particular, random vibration and coupled loads proved
to be a challenge. Figure 16 depicts the Integrated
Payload Stack of ORS-3. Rather than being mounted
directly to the Minotaur I, STPSat-3 was integrated on
an interface cone atop two CubeSat dispensers. It
turned out that the CubeSat dispensers possessed
dynamics that coupled with LV modes in certain
frequencies. Through considerable analysis, it was
possible to show that the predicted random vibration
and coupled loads environments were within design and
testing margin. However, in retrospect it would have
probably been cheaper to incorporate a vibration
isolation system from the start.

Figure 16: ORS-3 Integrated Payload Stack

Figure 17: Relative bus costs for STPSat-2, STPSat3, and a future BCP-100

Another useful and necessary feature of a secondary SC
is to stay off the critical path to launch. STPSat-3 was
successful in this regard, with the SC fully complete
and ready to ship to the launch base seven months prior
to launch.

A key part of the incremental cost realization from
vehicle to vehicle has been staff continuity and
investment in documentation updates for future
vehicles. Documentation reuse results in significant
cost savings and enables the program to provide
documentation often ahead of need. For example,
typical range safety documentation submittals such as
hazardous procedures and the Missile System Prelaunch
Safety Package (MSPSP) had a very large amount of
reuse between STPSat-2 and STPSat-3 and were able to
be delivered much earlier than needed.

COST REDUCTION FROM A STANDARD BUS
RE-BUILD
The investment in standardization has paid off in cost
savings on the second SIV. With STPSat-3 now
complete, the STPSat-3 bus cost 37% less than the cost
of the STPSat-2 bus. Total program SV cost savings
are comparable, but comparison is complicated by the
PL delay and re-manifest on STPSat-3. Based on the
experience with the SIV and now BCP-100 line, BATC
projects that a BCP-100 bus ordered firm fixed price
will cost just 41% of a STPSat-2 bus. Figure 17 depicts
the relative cost of the STPSat-2 and STPSat-3 bus and
a future BCP-100 bus.
Reese

The benefits of design reuse extend to the ground as
well. The ground system mission unique software
development achieved a reduction in cost, however not
as much as hoped. Because the STPSat-2 and STPSat-3
buses have almost identical commanding and telemetry,
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the training for the satellite operations team was
significantly streamlined. There was a significant reuse
of nominal and contingency procedures. Pretty much
everything about operating the bus remained the same;
the differences were almost all payload-related.

X Falcon-Heavy from Cape Canaveral, FL. The use of
the flight-proven BCP-100 bus, standard PL interfaces,
and availability of the PLUG are reducing integration
risk and overall technical risk for this program.
Other Applications of the Standard Bus Concept

Throughout STPSat-2 and STPSat-3 programs, lessons
learned were thoroughly documented by continuing
staff. Rather than documenting lessons learned in a
separate format, the lessons have been incorporated in
working program documentation such as verification
documents, subcontract specifications and SOWs, I&T
procedures, and manufacturing instructions. The
evolving documentation allowed the STPSat-3 program
to realize the predicted high level of efficiency even as
the program staff changed over time. BATC is
continuing this philosophy on the BCP-100 line of SC.

Applying the lessons of the standard interface vehicle,
BATC has developed a concept for an even smaller
standard vehicle, tentatively named the BCP-50.
Meeting the same mission specifications as STP-SIV,
but providing capacity for two PLs instead of four, the
BCP-50 will use an even more streamlined program
execution approach, leveraging the experience and
heritage of the existing BCP-100 line. This will reduce
costs while maintaining an appropriate risk posture for
technology demonstration missions like those served by
STP-SIV.

FUTURE APPLICATIONS

The efficiencies envisioned for BCP-50 can also be
realistically applied to future BCP-100 builds as well,
given that three iterations of this standard SC will have
flown by 2016.

Green Propellant Infusion Mission
BATC is currently executing the Green Propellant
Infusion Mission (GPIM) for NASA’s Technology
Demonstration Missions Program, and this SC uses the
BCP-100 bus making it the third in the platform’s line.
This NASA-managed mission is a technology
demonstration of an Air Force-developed, high
performance "green" propellant alternative to the
traditional yet highly toxic fuel hydrazine. Once
demonstrated, the green propellant will be broadly
applicable to both small and large SC platforms.

CONCLUSION
With the demonstrated rapid integration and operational
success of STPSat-3, the STP-SIV SC may now be
considered as a standard commodity, much like other
standard elements of the infrastructure supporting
military space.
With a compressed SV development timeline, users
have more flexibility to respond to the changing needs
of the military by leveraging emerging PLs designed to
the interface standard, and to take advantage of launch
opportunities as they become available.

The demonstration PL is being built by the Aerojet
Corporation to the standard PL interface, and hosted on
the PIP, similar to the STPSat-2 and STPSat-3 PLs.
Three additional instruments have been recently
selected to fly as secondary PLs on the mission, making
use of the remaining mass, volume, and data interfaces
available on the vehicle. These PLs meet the standard
interface for the BCP-100 architecture, so are easily
accommodated.

The STP-SIV program has developed a standard
vehicle that provides an option for cost-effective,
capable, flexible spaceflight for the Responsive Space
community. The program applied lessons learned from
the first vehicle program, STPSat-2, to the second
vehicle, STPSat-3, whose remarkable success is tied
directly to the heritage of the program and associated
lessons learned.

The ground interface and mission operations are also
planned to match the standard BCP-100 design, using
the AFSCN and MMSOC at Kirtland AFB. Common
command and telemetry implementations from previous
missions will be used in order to reduce ground system
software NRE to a minimum. This is also expected to
facilitate a smooth and efficient early operations period,
similar to that experienced with STPSat-3 due to re-use
of the existing infrastructure and operations concept.

The key benefits of this standard design include:

Making use of the BCP-100’s ESPA compatibility, the
GPIM SV is expected to occupy one slot of an ESPA
ring on the 2016 launch of the STP-2 mission, a Space-
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•

Bus and PL interface standardization is an enabler
for responsiveness to a variety of space missions
with a single bus.

•

Establishing and enforcing standard interfaces can
reap dividends in reduced NRE build-to-build, a
compressed production schedule, and rapid
response to changing priorities.
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•

With the right bus design, interface
standardization does not limit the variety and
complexity of PLs which can be manifested, nor
the CONOPS which can be accommodated.

•

Rapid reconfiguration of PL manifest on STPSat3 with almost no bus impacts demonstrates the
flexibility and robustness of the architecture.

•

The challenges of incorporating a large set of
unique PL components can be mitigated when the
development team is focused on these
accommodations instead of SC bus changes.

•

Requirements verification can proceed very
efficiently when large numbers of requirements
can be directly verified using previous builds.
This is only possible when bus builds are nearly
identical.

•

Risk assessment and mitigation are made more
efficient and effective when heritage development
and on-orbit experience from the same
architecture can be heavily leveraged.

•

Using standard ground operations interfaces and
procedures, made possible with a standard bus
design, can greatly improve commissioning tempo
and effectiveness.
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